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Bud and Boll-shedding in Cotton. 

A Preliminary Enquiry, 


{Eeceiv&d for imblwition oti I5th September, VJ2L] 


iNTROJJUrnON. 

At its inceptiou, this enquiry had for its liiaiu purpose the deter' 
mi nation of the percentage of bolls matured to flower- buds produced 
on each of a number of plants, with the object of isolating, if possible, 
a strain of cotton with a low shedding index, combined with high boll 
production. 

As the work proceeded, it was noted that insect attack appeared 
to play an unduly large part in brijiging about sliedding. Tlie scope 
of the enquiry was, therefore, enlarged. An endeavour was made to 
estimate the proportion of shedding due to insisd attack, and inciden- 
tally the obvious external features of the phenomenon were brought 
under observation. 

The enipiiry was carried on through three seasons, and had reached 
a point from which definite experimental work could be .started. Pres- 
sure of other work and exigencies of staff have ntade this impossible. 
For these and other reasons, it is unlikely that we shall be able in llie 
near future to prosecute this enquiry further. We have, therefore, 
considered it desirable to piiblisli, as a record, the results we have 
obtained. 

We have to acknowledge our indebtedness to Mr. E. Ballard, till 
lately Governraeut Entomologist, for de])nting two members of his 
stafi to aid us in collecting data during season 1921-22. 

Material. 

The work was carried out on the Central Farm attached to the Agri- 
cultural College and Research Institute, Coimbatore, between October 
1920 and May J 92d. The cottons used weri' Cambodia cotton ((r, himiitnn) 
and progeny plants of the generation of a cross between Cam- 
bodia cotton and Bourbon cotton {G. fuqnmiscam). These 1 after, 
for other reasons, were selected for the similarity of their habit to that 
of Cambodia cotton. 



2 


BITD AND nOLIrSHEDDING tN COTTON 


In all three .seasons sowing was completed between the 5th and the 
hth of October, i.r.. at the normal time. 

Jn 1 9*21 the crop was uprooted by the dlst of July, in 1922 by the 
:0.st of Augiest aiid in 19*2'1 by the .‘list of i^fay. 

In each .sca'^fui the crop was irrigated as found necessary, and in 
all cases spacing was throe feet oacli way. 

It may lioro bo stated that normally in the tract in which the station 
i.s situated, iho cultivator obtains two crops of produce from the one 
}}lant crop in the yt-ar, The the main or sea.son crop, is obtained 

from tli<‘ flowers which are borne on the sytufjodial branches carried 
on the mam stem aii'l on the iiionojKjdial branches. The pickings from 
this first tiower this]i begin as a ride late in Febrnarc or earlv in Marcli 
and end in Mav. 

1 lu* second or suminer crofj is obtaured mainly from flow'crs produced 
on brunches draeloped from buds on the main stem and on the mono- 
podial brandies whidi lav dortiiaut during the first hush. As a rule, 
an interval of from four to six weeks, during which an odd boll or two 
may burst, intervenes betwiam tlie last picking of (he season crop and 
the first jockiug of the .summer crop. The picking.s from thi.s second 
Husli cease with the iijirooting of the cro]), ihe date of which is deter- 
mined bv law i!nd(*r the l’t‘st Act. 

In 1921 tlie (late fixed for thf' uprooting of the crop was the 1st of 
Aligns!, and in PLd and 192:1 die f.st of September, In 192:1 the crop 
on tin* station was. liieodmv. removed much earlier than the law dem- 
uded. I ids was done because the jirevioms two years' experience 
slu.oM-d lliat till* produce ol the s(>cond crop wa.s badly attacked hv 
'iisects, and was mainly c.unposed of worthhiss maferial. 


M K 1 lioj). 


In 1929-21 as tlu‘ intention at Hrst wa.s merely to obtain total figures 
for buds and bolls produced per jilant, 703 ])lants scattered over a 3 acre 
held were selected. Of these. 511 were of the Cambodia variety and 189 
(Jaiuhodia •: Hourbon. 

For cadi of (!,(.«. a record iva.s begun of buds [jroduecd. Later, 
this «as abam oned. :i>! plaiits «ere .set aside for more detailed e.xamina- 
timi. arid work on the rciiiaiiidcr limited to keeping record, s of flowers 
opcncl and boll.s ,,ry,,ccd. The flowering record was kept daily, except 
"■ T "'hen weather inter- 

ill,, nr rf r'“ n-reR'^lariy, but in no ease 

N.i- Ik lutcival between pickings greater than four days. 

o'-kSthmbodi '' y '“'7 *'»' 'li'tailcd e.xaminatinn consisted 

«.-H(.n.,lu.,liaplanrsand 10 Cambodia y Bourbon plants. For each 
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of these a record was kept of buds j)rudiii.’e(l. buds .slu'd dowers ojMUU'd, 
bolls shed and bolls burst. 

For the reasons already given the bud [iroduetion record was ke])! 
irregularly. During the period from the Kith December. K)20. up to 
the 25th January, 192!, the plants were examined a varviug number 
of times, and at irregular intervals. From tins date up to the 10th 
Fcbruaiy, 1921, the examination was made every alternate day, and 
thenceforward every fonrtli day. e.xeept in A])i‘il when on oni' occasion 
a .six-day interval had to be allowt'd on irecount of lu'avv ])iekiriir 
work. 

The record of buds produced was closed on the l.otli of ^[av, but the 
history of all buds recorded ii|) to and iuclmling that date uas followed 
to the end. 

The records of flowers opened and ])oll,s l)iii‘st ware entered up daily. 

In 1921-22. id plants were |Meke(l for detailed examination. Of 
these. 21 were Cambodia plants of strain \o. t>:t2. and 19 were Cambodia 
X Bourbon plants of strain No. 7tl9. The total numlau: of plants in 
these two plots were respect ively and :f71. I'jiese two strains 

originated from single plants selected \n the [U'evioiis season, and 
protected from cross-fei'tili/ation, and ^\•ere lieing tested for purity. 

As before, for each plant a record was kept of buds produced, buds 
shed, flowers opened, bolls shed and bolls burst. 

For titis purpose the jdants were examined dailv u]> to the ith Feb- 
ruary, 1922. Thereafter, owing to the rapidity of bud production, it 
was found impossible to complete the record of all the plants in the day. 
The two groups were, therefore, each divided into two lots, each of which 
was examined on alternate days. 

The records of flowers opened and bolls burst were ke[>f dailv as in 
the previous year. 

In addition to this the combined sheddings of each of the plants 
were collected daily, and a record showing the nature of the insect 
attack, if any, was maintained. 

In 1922-23 the wmrk of the pl'e^ ions sea'^on was repeated on 20 plants 
of strain No. G32. The plants were examined every day. In this year 
the record for insect attack was kept separately for buds and bolls shed, 
instead of a combined record as in 1921-22. rnfortunately an attack 
of Black-arm {B. nmlaivcannit) showed it.self about the 12th March, 
1923. The records were continued until the 18th April, 1925 ; but, 
as by that time seven of the. plants had died, and all were attacked, 
the work was stopped and the plants in this plot were uprooted and 
burnt. Our records are, therefore, nor so complete as we would wish 
them to be, The choice of this strain was unfortuiiate, as although 



4 


bud and boll-shkdding in cotton 


it was surrounded on all sides by other Cambodia selections, it was the 
only one attacked by this disease. 

The procedure finally adopted in maintaining the records may now 
be (h'scribed. The recorders worked in pairs. At each examination 
the whole plant wa.s gone over branch by branch, working from the 
lowest node on the main stem to the highest, one recorder took the plant, 
called out the number of the node, stated whether a branch had deve- 
loped or not, and whether it was a monopodiuin or a sympodium. As 
each branch wa.s reached, the recorder worked along it, node by node, 
calling (Jilt whether a flower-bud was present, or if one had been shed, 
or if a flower had opened, or whether a boll had shed or burst. As secon- 
dary branches developed from the nodes of the primary branches, each 
was dealt with in a like manner, before proceeding to the next node on 
the primary branch. 

Tlie other recorder had before him two sheets, one the “ diagram” 
sheet and the other the number and date ” sheet. On the fonner a 
diagrammatic representation of the plant was drawn, which was added to 
as the ]ilant grew. The “ number and date ” sheet was ruled lengthwuse 
in groups of six columns. In tlic third column of each group of six, 
serial numbers were t.y}ied before the sheet was brought into use. As 
each bud devi'lnped the date was entered in the first column of the group 
alongside the appropriate serial nunibcr, and this number was entered 
on the “ diagram ” sheet in its proper place. If the bud shed, the date 
on which this \\a.s noted was entered in the second column, and a ring 
was drawn round the number on the “ diagram ” sheet. If the bud 
developed into a flower, the date of opening was entered in the fourth 
column. If later the boll shed, the date on which this was observed was 
euteri'd m the fifth column, and again a ring was drawn round the 
number on the “ diagram sheet. The sixth column was reserved for 
the date of bursting of the mature boll, or the cause of shedding if the 
bud or boll shed, 


Reference to Fig. I and Appendix I, where sample “ diagram ” and 
“ number and date” sheets are shown, will make this procedure clear. 

Thus when the plant was examined for bud-production at intervals 
and not daily, bur was examined on each of the intervening days for 
open thnvors and l.urst bolls, the serial number of the bud from which 
the flower or boll developed could be detemiined from the diagram 
sheet and the correct entry made in the - number and date” sheet. 

ilero It may be mentioned that only a few instances of shedding of 
open flowers wore noticed. During the three yeans in which this enquiry 
prose.™ Cd only 38 open flowers were shed, out of a total of 9,979 
uouer-s and bolls recorded as shed. 
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Conditions at tliis station, therefore, agree more closely with those 
reported by Harland ^ for St. Vincent and Lloyd - for Alabama, both 
of whom state that shedding of the open dower is only occasional, rather 
than with conditions in Egypt where Balls ^ re])orts (liat open flowers 
are extremely liable to shed . 

Under boll-shedding, therefore, are included bolls of all sizes. 

It i.s also necessary to record that in 1921-22 the work sufi'ered from 
two sources of inaccuracy. A few bolls were eaten by jackals, and a 
few branches bearing reproductive members in di if {‘rent stages of develop- 
ment were broken while work wa.s being earried on in the idiots. Thi.s 
damage was not confined to one short iiiter\'al, but was scattered through- 
out the period December to July, and out of an average of 081 . affected 
41 biuls and 13 bolls. The numbers involved. liave lieen included in 
the bud-production and shedding curves. 

As the damage was scattered the exclusion or inclusion of these 
numbers makes little, difference to the curves and does not affect the 
general conclusions which can be drawn from them. 

During the other two seasons jackals did no damage and only a 
\'eiy small amount of breakage occurred. 

The Problem. 

In carrying out this enquiry the aim we had before us was to arrive 
at an idea of tlie noriua) course of events in the life of the cotton plant 
between the time it begins to yiroduce tfowei'-lmds and the time when 
its crop is readv for harve.st. Having cleared the ground to this extent 
we tlien proposed to institute a set of experiments, based on the results 
obtained, designed to discover the causes of shedding, and, if possible, 
means of reducing loss on this account. 

From t)ie data collected, information on the following points has 
been obtained : (1) bud-production, (2) flowering and the time interval 
between the a]»[)earance of the bud and the opening of the ffower, (3) 
boiling, including the time interval between the opening of the flower 
and the bursting of the bolls, and also information as to which buds 
are ilie most ellective in producing l)ons, and (f) shedding of buds and 
bolls, with periods of greatest liability to, and causers of, shedding. 

These items will be discussed in turn, but before proceeding to do 
so, reference may be. made to Fig. 2. There are shown in graphical 
form the rate.s of bud-production, bud-shedding, fiowering, boll-shedding 
and boiling calculated to averages per ydant per week. 

1 Hiirluiid, Si. C. ires’/ fv(ll,ni .//»//f/Oi, A'.L NVI. 1917. 

* lAovfl. F. E. Enviroiiiiienhil ehnnjii'fi anrl llirir rlTeetiipon Boll-shcddiuL' in cotton : 
Mcf.fiU (’ uirerifitij PubJicdlioihn, ISorics 11 {Butiuiy) No. 0, 1921. 

“ Ballg, ty. L. The Developiiieni and Properlit-s of Paw Coiiov, 1915. 
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It will he noted tiint the.se eiii've^ are all more or less of the same 
form iuid are siuiilar to thosi^ ol»taiJied hy wojkors in other part.s of the 
worltl. Kaeh curve can he divided jiiore or less definitely into two 
parts corresponding to t]i(‘ flushes, and each i)art shows a more or less 
{rrudual rise and fail. These ])oints of general resemblance afl’ord the 
scientific explanation of tlie e\-ery-day fact that two sets of pickings 
are obtained from tlie one plant crop. 


Bi'd-prodcction. 


Before disciis.^ing results, attention Pas to he drawn to tlie fact that 
all ealcfdatioii.s which dejamd upon rt'cords of the date, on wliich the 
flower-hnd wa.s iirst nolicerl are sidiject to a definite error. 

During the first two years wo recorded t}ie ]>rodu(“tion of a bud when 
the form of tlie hud could h(> definitely niaife out or wjien its place was 
taken hy a sear. In the third year we tried lilason’s ^ plan of record- 
ing a hud when the surface of the attendant foliage leaf could be seen. 
Both uietliods liave disadvantages. In both cases the effect of the 
error is to cause buds to he reeorded as ajipearing at a later date than 
.diould lutM' )ie(n tlie ease. 

Making allowance lor thi.-^. hnwever. it M ill he seen from the curves 
shown in Kig, that tlie fluvei'-huds begin (o a|)pear about six weeks 
after sowing and that by about the 18th March the first flush is finished. 
There is then a short interN al ^^■h('n only a few bucks are produced. This 
i.s followi'd l.iy anotlier pi-riod of vigorous Imd-prodiiction which after 
reacliing a climax gradually dies down and closes about the end of June. 

Tliese curves, as riiighi be expected, also show that there has been 
some fluctuation in the total number of buds produced per flush. This 
])oint is more clearly brought out in the table shovn in Appendix TT, 
wJiere in order to make po.vsible a more complete comparison between 
the resub of 1920-21 and those of the following vears the. data recorded 
have been arranged as averag-^s per plant per flush for the different items 
investigated. There it will be observed that the flushes of 1921-22 
were the heaviest and that in that year both flushes were ei]ua]]v heavy, 
whereas in 1920-21 the fir.n flush was lighter than the second. 

The difference from year to yeaj- is i^aidially explicable by tlie fad 
diat the cToii occupied a differenf field each year and partly by differences 
in .season. 


In 1921-22 heavy rain amounting to d-92 inche.s fell on the 5th' Feb- 
1 uaiy. 1922. At this time the ]dants were shoving signs of having come 
to a Standstill in growth and bud-production. Immediately after the 


' Mason. T. G. Growth and absoissimi 
Y«:t. XXXV), No. CXLIV, OctoUr 1922, 


;n S'la Inland cottoj 


U nf fiofotii/. 
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rain, growth began again and the plants very speedily })ut on a fresh 
green appearance. Tliere is no doubt that had this rain not fallen the 
downward trend of the curve which had already la^gun would Jiave 
continued and the. ])eah shown against tlie IBtJi Fidjniary would not 
have occurred. This flusli would then liave been ligliter. 

8oil and seas(»nal ditferencos do not. loweN'er, i‘X]ihiiu file size of 
the fir.st flush in whicli was tlie stiia.llest of all. In this year 

the rainfall was higher and ludter distiiiiiited and tlie field eliosen was 
a-s good as ibat on which tiio. crop Avas grown in !Pi!()-21. Nor can the 
attack of Black-arm be lield responsiliU^ as it did not sliow itself imli] 
well after the l)ad-]>roduction cur\ e liad assumed a downward tendency, 
The most ])rohahle explanation lie.s in the seventy of tlie attack of the 
spotted boll-worm (/iV/rh/v. spp,). 

For the sake of comjdetimess it may liere iie e,\]>lained (1) lliat tlie 
caterpillar of tliis moth liegins its atta(‘k on tlu' cotton plan! by boring 
througli tlie vegetative buds into the stems and branches of tlie young 
seedlings, its favourite fioint of attack being near the ajiical bud ; (2) 
that if conlinues this attack until tlu' ilnwev-buds bei-orne numerous 
when it desc'rts tlie sea Holding foi’ (lie buds, wliieli in turn are i](‘.sei'ted 
as bolls become ])lentiful : and {:>) tliat the Caniborlia cotton jihnit 
is distinctly sym])odial in liahit ; the tir.^t liowering braiieli most commonlv 
arises at the bth or 7th node above, but not including the seed leaf node 
and as a rule only three or four mono]iodial branches are developed. 

Now according to the stage at which I lie attack is ],egiin the plant 
may be topped at a point which will permit of one or more .sympodial 
branches being develojied on the main stem or so low down that it will 
be able to produce mono)rodia onlv from three or four nodes. In the 
fatter case the monopodia have to develop, grow and ])roduce dower- 
ing branches before flower-buds can be produced in any number. 

When the attack is severe tlie scaitolding may consist of a short 
length of main stem with from three to five moimpodiul branches. It 
is obvious that under these conditions the ]»rodurtioii of buds will be 
delayed and will not reach such a high maximum. In 1922-23 these 
conditions were fultilled and not a single ])hint esi'apcd attack. In 
1020-21 some plants Avere not topped and many escaped Asdth a very 
light attack. 

Reference has already boon made to the fact that the Imd.s jiroduced 
during the second flush A\'erc mainly borne on sympodia developed 
from buds on monopodia. In the table prepared beloAv is given an 
analysis of the buds, floAvers and bolls produced in each flush, in averages 
per plant, shoAving what portion of the crop was borne on sympodia 
carried by (n) the main stem and (6) the monopodial branches, 



Table 
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Flowering, 

The flowering curve reproduces the bud- prod notion curve willi ;i 
deduction for bud.s shed and with a dofinit(^ lag rejiresenting the time 
interval required for tlie bud to develop into tlio open flower. Kxa]ui- 
nation of the chart given in Fig. 2 shows tluit this time interval is 
roughly about one month, d'his is as close a corres])oudeuce between 
these two curves as can be expected, considering that so few idant.s 
could be examined, that as will he shown later a bud is liable to shed 
so long as it remains a bud, that the interval hetweim the apjiearance 
of the bud and the opening of the flower not only fiuctuatc.s widely 
from bud to bud but al.so varies as tlie sea.son advances, and that tlie 
time unit chosen in ]irepa.Ting the chart is one we(‘k. 

More cleflnite information on tins ])oint can be gathered liy cahMiIat- 
ing the interval between the ap])earance of the bud and tlie o])euing of 
the florver for each bud and tabulating the res\ilt. This lias been <lom,‘ 
for the years 1921-22 and 1922-23. The tallies so jirejiari'd are shown 
in Appendix III. For the sake of economy the table.s for stiviin No. (>32 
alone are given. The ri'sults for stmin No. TflO fo7' 1921-22 dilTer only 
in slight details. In these tables the date given at the head of each 
column is the end date of the three-day period during which the l.uids 
were jiroduced. The num])eTS entered in (In- column are (he numbers 
of these buds which ‘flowered after the interval indicated on the left 
of the table. 

From these tables it will be seen that tliei’e is a tendency, very ])rO' 
uounced in 1922-23, for this interval to sliorten as flic season progresses 
from the beginning of the first flush to the beginuing of tin- second. 
From this point until towards (he end of the si-eond flush the length 
of this Interval remains faiily si atimiar}' and (lu-n sliows a tendency to 
increase. Tliis is more cleajly s]lo\\]i in Fig. 3 where the fluctuations 
in the average interval entered at the foot of eaeJi column in tlie 
table are depicted graphically. 

It will also be scon from these tables that between the middle of 
February and the middle of iMareli a niindier of buds occur which take 
a very long time to develop into open (lowei's. These a.re dormant buds 
which grow large enough to be definiti-l}- noted as buds and then eea.se 
to grow for a considerable time. In calculating the average interval 
all buds which took 50 days or longer to develo]) into an ojieii (lower 
were omitted. This is a purely arbitrary decision based on tlie few- 
ness in number of such buds. Even so, owing to the small number of 
buds produced during this period the graphs of 1921-22 fluctuate con- 
siderably in that section. 
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Thf-n' are two other marked fluctuations of these graphs Avluoh can- 
not he explained in this way and which a])pear to be significant. These 
fu cuf agauist the periods 20th December —4th January and 19th Jan- 
u:irv 'bd Kebruiirv. {'otisi<ier'iug that the examination of these two 
groUjis of cottons was carried out liy two group.s of recorders working 
iu(K‘pendei\tK' and tliat the corr(‘S])on(ling graph for 1922-23 is so free 
of nuifked Huctiiation.s stmie explanation of the occurrence of these 
two definite I'ises scsuiis to ho called lor. Examination ot the rainfall 
ivcord (Kig. 4) for 1921-22 show.s tjiat b28 inches of rain fell on the 
loth and I I til of .January. 1922, and r)-92 inches on the 5th of February. 
It is suggested that the development of the buds produced in these 
two periods was in eacli case retarded by the rain which fell shortly 
af‘t('r tlu'V ap])eared. Further investigation is necessary before a definite 
statement (-au be made. The point is of importance in regard to crop 
forec;i,sts. Ill this paiticidar instance the retardation amounted to 
onlv two aud four days respectively. It is possible that a more pro- 
longei! period of wet w(>atlier with an accom])anying fall in temperature 
would liave a more pronounced effect and woidd definitely delay the 
arrival of the croji on the market. 

Fnrtliei indication that Th(‘ flowering interval tends to shorten a.s 
the .s(‘ason progre.sses from ijie beginning to the end of the first flush 
is afforded by determining me interval between the flowering of suc- 
cessive nodes oil the sympodial hranehe.s. The results so obtained for 
the two grou)>s of cottons examined in 1921-22 are shown in the follow- 
ing table. They show that the time, interval between the flowering 
of two adjacent nodes decreases as the distance from the main stem 
increases: a directly opposite result to that obtained by Harland ^ 
for 8ea Islmid cotton. 

Referring back to the flowering curves in Fig. 2 it will be ob- 
served that more flower.s open in the second flush than in the first 
anti rhi^t flowering began much later in 1922-23 than in 1921-22. From 
the data we have at otir command it is not possible to give an explana- 
tion of the first point. It is possible that the fact that flowering reaches 
its ma.ximum more quieklv and that the time taken for a bud to develop 
into a flower is shorter, in the second flush than in the first, has some, 
bearing on the questiou. Further investigation is necessary. In regard 
to the second point it ha< already been shown that bud production was 
slow and scanty in 1922-23. If to this is added the fact that the earlier 
flowers were attacked by the spotted boll-worm and shed, a sufficient 
explanation is afforded. 


* Harland, S. C. Loc. cit. 
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Bolling. 

boiling curve is (he resultaut of all that has gone before. It 
re|»io(luees tlie flowering curve with a deduc^gn for boll-shedding and 
witli a lag citnespoiKliiLg to the time taken for the boll to niatiire from 
the o|)<‘U liuwer. Acconling to the curves shown in Fig. 2 this lag 
u[))>i-ai's to he (‘<|ual to about .si.x weeks. Actually, as will be seen by 
lef’etcjice to Appeudicc^s ]\' and lYa. * the interval between the date of 
opening of the flower and the date of bursting of the boll shortens from 
tilt (hi\',s to alioiit l(t (lays as the season progresses from December to 
.V[)ni, :ind tlien lengthens again. 

As slieddiiig is ]ie:i\ y and no nicue tlian 5—17 per cent., according 
to seus(ui amt flush, of the buds pioduced mature into bolls, the boiling 
nirvo tf'iuls to b(;c(im(' Hat mid uninteresting. Its most salient featui'e 
is the higlicr iiia;\iniuiti readied in the first as coiajiared with the second 
half of th<‘ season. By eliiiunating the time interval, ho\^■ever, and 
rearranging llie results so as to show the number of buds produced per 
plant per week', tlie uiimljer of flon'ers produced from those buds and 
tin- juiiiibei of liolls matureil from these flowers a further interesting 
point is made evident. In Fig. 5 is sliown the result of this rearrange- 
ment. if will he seen that solar as the first flush is coneerned the 
earlier llower-bmis are more ellectivc' in producing bolls than the 
la-ter and lltat llie period of greatest ethciency is from about the 17th 
ot Deeember f(» tlie 2.sth of January. If. is also abnndantlv evident, 

ha.s aireadv lieeu pointed out, llial in 1921-22 the buds produced 
lieiwr^ji the lull and the 25t]i of February were of little inse in pro- 
ducing erop. 


tSllKDDl.VG. 


SluMldiug is e.Kfensive and both buds and bolls are affected. Bud- 
slieddmg begins witli the appearance of tlu> buds and boll-shedding 
Very shortly a.lier flowering iia.< begun. The most interesting features 
about the eurves of ^lu'dding are that tln-y tend to synchronize and that 
rlmv ivach tlieir ma\ima afl(u the budding and flowering curves. The 
biiK'i- i.-miot s(t ;ippa.rcnt in the second flush as in the finst. The position 
IS eomplicaled by tlu.- fact that the insect pest ]>opulation ismiich higher 
n\ the suuuiK'r ami cause more shedding. 

Ihe hrst ((’uture uidiciites thai the same agency is at work in both 
castvs : (In^ .second probably mdieate.s that at this stage when the growth 
of the plant ha.s begun to slow doun the plant is carrying many more 


* Here anaiti it i(< noi um'ssarv to sti[)\v more than 
all tlirec seasons aijdfor the diffcrciit j^roupsi arc alike. 


one grou]). 


The results during 
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reproductive meiubers than it can possibly mature and a process of 
nat ural pruning sets in. Similar observations in regard to Sea Island 
cotton have been made by Mason.f 

Liahilitij to shedding. 

(1) Buds. As \vas done in the case of flowering, the interval bet.woen 
the appearance of the bud and the date on whicb it shod has been cal- 
culated for each bud shed and a table prepared. Again for the sake 
of economy the results for the Cambodia group in 1921 -22 alone are 
shown in Appendix V as these arc typical of all. In considering this 
table it lias to be mentioned that there is not onl}’^ the error in observa- 
tion of the appearance of the bud to >vhich reference has already 
been madi^ to be taken into account but also .that there is an error in 
observation of the date on which the bud was shed. Many small buds 
do not fall oft’ the plant but wdther and remain attached. Such bud.- 
were recorded as shed when they were definitely noted to be withering 
In many cases the hud had withered before its presence was recorded 
owing to the neighbouring buds having prevented it being s(‘en. The 
nutiiiiei's against the age 0 days, thei'efore, ineliide all buds whieli actual- 
ly shed or were totally or jiarlially wdtheied on the day their appearance 
was recorded or as evidenced by a scar wxto found to have shed pre- 
viously. These sources of error do not, however, aft’ect the general 
conclusions which may be drawn from this table, viy.., that the range 
of fluctuation of age at shedding is very wide and that a bud is liable 
to he .died so long as it remains a bud. The ivide range of fluctuation 
is explained by the dormant habit of some of the buds to which ref- 
erence has already been made. 

The frequeney arrays for age at shedding jirefiared for each group 
and flush for 1921-22 and 1922-23 have been tabulated and are shown 
in Appendix VI. 

The results given there plainly indicate (1) that the bud is very liable 
to shed when it is very young, (2) that once it is past this point the lia- 
bility is considerably reduced but gradually incii'ases until between 
the 9th and the 1 1th days it is a,s great as ever and (3) that after the 
llth day the liability gradually decreases. The.so observations differ 
from those of Lloyd andi\Iasoii§ who |ound only one period of great 
liaTiilit.y to shedding, the first, when the buds wore very young. Under 
iheir conditions once this period was passed the liability to shedding 
gradually decreased. 


t Mason, T. 0. Loc. cit. 
j: Lioyd, K. E. Loc. cit. 
§ .Mason, T. G. Loc. cit. 
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It will also he noted that more buds are shed in the first flush than 
in the second. 

{:>) Bolh. In the case of boll-shedding the chances of error 
in observation are .small. The date of flowering is definite and 
in the luajoriiy of cases the date of shedding is equally definite. Only 
in a few ca,s(*s did the bolls dry up and remain attached to the 
plant. 

As was done for hud-shedding, tables for each group and flush have 
been jire]»are<l. As tliese a]'(‘ all similar the tables for the Oamhoclia 
group in !fi21-2'd ari* alone shown in .V])pendix Yll. From this table 
it, will be seen tluit there is a tendency for this interval to .shorten as 
tile season advaiu'e.s, llus i.s niort^ clearly seen from examination of 
th<^ graph shown in Fig. 0. whieli lias been ]ire])ared by combining the 
results of both groups, Canibodia and Cambodia X Bourbon, for 
iq‘ii-2-2. 

This rt'sult bears a striding resemblance to Oiose obtained for the 
interval between (1) the apjiearancc of the bud and the opening of the 
Hower and (2) tlie ojiemng of tlie flower and the bur, sting of tlie boll. 
There is a common timdencv for the interval to shorten from December 
to about the ejid of Mareli. to remain fairly steady during April and 
Ma^• and tlieii to lengthen. Reference to Appendix \'il show's that 
there is a gradiia] i'is(‘ ill temjK'nitui'e from December to about the end 
of .March, it then remains faii'ly steady thiougli April and Alay after 
\vhie}i il bt'gius to fall. Tills ijidieatc.s a very definite correlation between 
temperature and length of interval but in tlie absence of information 
as to otlier jiossible factor.s it eannol be taken as absolutely proved 
tliat leiiqKU'jituve is the controlling factor. 

Th(' oiitv (Uher foiUure of boll-shedding wliieh calls for comment is 
the liigher rate which occurs in the .second flush as compared with tin* 
first. This appi'ars lo be due to the heavier attack of insect pests which 
by that time are iiresent in considerable numbers. 

Cau.sr.'^ of shedding. 

Our investigations into the causes of shedding were, a.s has already 
been stated, limited to endeavouring to detenuine to what extent insects 
were responsible, tliat i.s to say. in endeavouring lo ascertain, for the 
(■ondiTums prevailing at this station, what proportion of the numbers 
s}ie<l might be e.vpected to .show evidence of in.sect attack and ivhen thi.s 
attack was likely to take place. 

No attempt eouhl be mad(> to decide wheiher the insect attack was 
the achial cause of the .diedding nj' whether, as might well lie the case, 
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the process of sheddiag had actually begun , before the attack took 
place. 

As in 19*21-22 separate records were not maintained for buds and 
bolls ; the results obtained (Fig. 7) have been shown as percentages 
of shed numbers recovered. Not all were recovered, there were always 
two or three each day which could not be found. 

In 1922-23, separate records were kept for buds and bolls. The 
curves shown in Fig. 8 give the actual figures for total numbers shed, 
unattached, attacked by pink boll-worm, spotted boll -worm, and 
B. malvacearum. 

It will be noted that in both years by far the greatest proportion 
of the numbers shed were apparently unaffected by any disease or pest 
and that of those attacked by insects the damage was done by the spotted 
boll- worm in the majority of cases. It will also be observed that the 
spotted boll-worm produced its greatest effect in the early [)art of the 
season when bud-production is low. . 

Thus if attention is confined to figures alone it would appear that 
insect attack as a possible cause of shedding is of minor importance 
as compared with those factors wliich have been labelled unknown. 
It has, however, yet to be determined whether shedding due to the 
latter is in any way avoidable either in whole or in part. Moreover, the 
importance of the spotted boll-worm should not be assessed by com- 
parative figures. Its chief importance lies in the fact that it definitely 
delays the commencement of harvest by its attack on the scaffolding 
of the plant and appears to cause delay by attacking the early fiower- 
buds. 

Late cropping on account of the shedding of the early flower- buds 
may be as unavoidable as shedding due to unknown causes as it is possible 
that these buds would still be shed even if the spotted boll- worm were 
absent. Oui only attempt to test this point by growing plants in a wire- 
gauze cage ended in failure. The plants grew abnormally and very 
soon came into contact with the gauze through the mesh of which insects 
were able to deposit their eggs m the [ilants. 

The importance of any factor likely to cause the crop to be late lies 
in the fact that in this tract rainfall is frequently in defect. When 
this happens the level of the water in the wells, which are deep, falls 
considerably by the month of February and continues to fall. Great 
difficulty is then experienced in providing the crop with an adequate 
supply of water. As this period of sliortage of water coincides with 
the period of ripening of the bolls, it is obvious that the longer the latter 
is delayed ihe greater will be the depreciation of the quality and quan- 
tity of the harvest. 
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Summary* 

As a ])celitninary to a detailed investigation of the problem of bud 
and boll-shedding, the development of the cotton plant has been studied 
during three seasons, the study being limited to the above ground por- 
tions of the plant. Plants of the Cambodia variety {G. hirsutum) and 
of Cambodia-like selections from a cross between this variety and Bour- 
bon (6^ purpnrimM’i}!^) were used. 

A fletailed description of the methods employed in carrying out 
this encjiiiry and of the manner in which the records were compiled has 
been given. For the latter purpose two sheets were opened for each 
plant, one, the “ number and date sheet, on which were entered in 
columns, (1) the date, of appearance of the bud, (2) the date of shedd- 
ing of the bud, if shed, (3) the number of the bud, (4) the date of open- 
ing of the flower, (5) the date of .shedding of the boll, if shed, and (6) 
the date of bursting of the boll or if shedding had occurred, whether 
the bud or boll wa.s attacked by pest or disease or not ; the other, the 
“ diagram ” sheet, carried a diagrammatic representation of the plant 
which was built up pari pasm with the growth of the plant, and on 
which the position of the bud was indicated by the entry of the number 
given on the miinber and date sheet. 

It is shown that in broad outlines the development of the cotton 
plant at Coimbatore follows the same course that it appears to do where- 
ever cotton is grown. If allowed to do so the plant will produce two 
flushes of buds, flowers and bolls in tlie year, the development of which 
if deoieted graphically gives the typical roughly bi-modal curves familiar 
to the work(‘r on cotton. 

The results are discussed in detail under the heads («) bud-pro- 
du{;tioii, {h) flowering, (c) boiling and (d) shedding. 

(a) Bud-proiludwn. The date of appearance of the flower-bud is 
found to suffer from an unavoidable error in observation. Buds begin 
to a])pear about six weeks after sowing i.c,, late in November or early 
in December. The first flush finishes about the middle of March and 
the second about the end of June. The buds produced during the first 
flush are carried on sympodial branches, borne on the main stem and 
on the nionoporlial branches, while m the second flush very few buds 
ate produced on the sympodial branches arising irom the main, stem. 
The mmiber of buds produced per flush is found to vary with the season 
and the flush. It is shown that untimely rains in 1921-22 caused a 
heavy increase in the number of buds produced in the first flush without 
a proportionate increase in crop, and that the attack of the spotted boll- 
worm (Curias', spp.) causes the appearance of the flower-buds to be 
delayed. 
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(6) Flowering. The interval from bud to flower decreases from 
about 35 days at the beginning of the first flush to about 25 davs at 
the beginning of the second flush, it then remains stationary until 
towards the end of the second flush when it begins to lengthen again. 
Some buds apparently pass through a period of arrested development 
and take more than 50 days to develop into open flowers. There is 
some indication that rainfall, possibly by causing a drop in tempera- 
ture, slows down the rate of development of the flower-bud. It is 
shown that the time interval between the flowering of adjacent nodes 
on the same fruiting branch decreases as the distance from the main 
stem increases. 

(c) Bolling. The interval from flower to holl shortens from about 
60 days to about 10 days between December and April, it then begins 
to lengthen again. It is shown that a small percentage only of the 
buds produced mature into bolls, from 5 to 17 per cent, according to 
flush and .season, and that the buds which appear in the interval between 
the 17th December and the 28th January are the most efficient in develop- 
ing into bolls. 

(d) Shedding. Both buds and bolls are alTecled. Bud shedding 
begins with the appearance of the buds and boll-shedding \'ery shortly 
after flowering begin.s. The former is greater than the latter in the 
first flush. In the second flush the position is reversed. It is found 
that the curves showing the rate of shedding of buds and bolls tend 
to synchronize with one another. This is held to indicate that the 
same underlying cause is at \vork in both cases. It is also found that 
shedding does not begin to be serious until after the growth of the plant 
has begun to slow down as indicated by the falling off in the rate of 
bud -production. 

It is shown that the bud is very liable to shed when very young but 
that once it is past this point the liability is considerably reduced. It 
gradually increases again however until, between the 9th and 14lh days 
after the bud appears, it is as great as ever. After this age the bud 
becomes less and less liable to shed. In the case of bolls it is found 
that the interval between the opening of the flower and the shedding 
of the boll shortens from 12 to 7 days as the season advances, and then 
lengthens again. 

The similaxity of this result with the results obtained for the interval 
from bud to flower and from flower to burst boll is discussed. It is 
shown that as the temperature rises the interval shortens, that during 
the period wffien the temperature remains fairly stationary the interval 
tends to remain stationary and that as the temperature falls the interval 
lengthens. 



18 


BUD AND BOIX-SHEDDING IN COTTON. 


It is shown that the majority of the buds and bolls shed are appar- 
ently unaffected by any pest or disease, and that of those attacked by 
insects the damage in most cases was done by the spotted boll-worm which 
was found to he most active early in the season and appeared to be 
largely responsible for the shedding of the early flower-buds. It is 
pointed out that the damage done by the spotted boll-w^orm is important 
from the point, of view of yield and quality of produce. 



Afpenbix I. 
Plant No. 632, 2117, 
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Interval from bud to flower. Strain No. 632- 1921-22. 
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)>UBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BE HAD FROM 

THE MANAGER, GOVERNMENT OE INDIA CENTRAL PUBLICATION BRANCH, 

R, HAS’JTNGS STREET, CALCUTTA ; 

THE OFFICE OF THE AGRICULTURAL ADVISER TO THE GOVERNMENT OF 
INDIA, PUSA, BIHAR; 

AND 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 

A complete list of the publLcatioas of the Imperial Department of Agriculture in Inaia 
can be obtained on application from the above-mentioned. 


Those publications are : — 

1. The Agricultural Journal of India. A Journal dealing with subjects connected with agricultural 

economics, held and garden crops, economic plants and fioiits, soils, manures, methods of cultiva- 
tion, irrigation, climatic conditions, insect i)ests, fungus diseases, co-operative credit agricultural 
cattle, farm impicmeiita, and other agricultural inattere in India. Illustrations, including coloured 
plates, form a prominent feature of tlic Journal. It is edited by the Agricultural Adviser to the 
Government of India, and 13 issued once every two months or six times a year. Annual Subscrip- 
Goa, Rs. 6 or fls. 6d., including postage. Single copy, R. 1-8 or 2ti. 

2. S( ientific ReiKirts of the Agricultural Research Institute, Pu^a. 

3. Annual Review of Agricuitiiral Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

0 . Proceedings of Sectional Meetings of the Board of Agriculture, 
h. Memoirs of the Imperial Department of Agriculture in India. 

<«) Botanical Series. 

(h) Chemical Series. 

(r.) Entomological Series. 

{d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletir^ issued by the Agricultural Research Institute, Pusa. 

8, Indigo Publications. 

9- Boo^. 


The following are the publications of the last two years : — 

Agricultural Research Institute, Pusa (including the Reports of the Imperial 
ScienrifipR. ^ and Secretary, Sugar Bureau}, for the year 1922-23. Price, R. 1. 

Dairv Research Institute, Pusa (including the Reports of the Imperial 

Price Chemist, and Secretary, Sugar Bureau), for the year 1923-24. 

Operations in India, 192 1 -22. Price, R. 1 -4. 

Pmcerdirir?fTi“^5’'^ Gyrations in India, 1922-23. Price, R. 1-10. 

days (with ap^^th Bangalore on 21st Januarj', 1924, and following 
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Agricultural Publications — conid. 

Proccc'iiiigs of the Cattle Conference, held at Bangalore on 22nd and 23rd Jamiarj', 1924 (with appciuli. 
cos). Price, As. 9. 

Report of the Pr<ieeeding.s (d the Fifth Entomological Meeting, held at Pusa, 5th to 10th Eebruarv, 
1923. Price, its. 9-H. 

Proceedings of the Secoml Meeting of Veterinary OlTicers in India, held at Calcutta from 20th February 
to 2iid March, 1923 (with appendices). Price, R. 1-12. 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA, 
Botanical Series. 
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r -History of the operations against Bud-Rot of Palms in South India. 

II — Inoculation Experiments with Phytophlhora j>ahnimra Butl. on Bornnaiu 
flaheUifer Linn, and Cocos nucifera Linn,, by W, McRae, m.a., b.sc. Prke, 
R. 1-4 or 28. 

.Studies in Inheritance in Cotton, I. History of a cross between G. herbaceum ajir] 
0. Xefjleciitm, by G. L. Kottur, Price, K. 1-4 or l8. 9rf. 

Studies in Indian Oil .Seeds. Xo. 2. Linseed, by Gabrielle L. C. Howanu, 
M.A., and Aboub Rahman Kuan. Price. R. 1-4 or 28. 

Stud-es in Gujarat ('ottons, Part II, by Maganlal L. P.vi'el, B.Ag. Pi-icp 
R. 1-12 or :L. 

Studies in Indian Tobaccos. Xo. 4. — I’arthenocarpy and Parthenogenesis iii; the 
varieties of Xicotiana Taharam L. var. Cuba and van Miwdalo, by Gabkiki.le 
L. Howard, m.a., and Kashi Ram. No. o.— The Inheritance of CharacU-K 
iti Xicolidna rastica L., by Gabrielle L. C. Howrad, m. a. Price, Rs. 2 ..r 
2.V. 9d. 

The \Vilt Dbease of Safllowcr, by S, D. Joshi, b..Sc. Price, R, 1 or Is. Cd. 

Studios in Indian Fibre Plants. Xo. 3. On the Inheritance of Chai-actcrs in 
Uibisnt^i SabdariJJa L.. by .\lbekt Howard, u.i, e , and Gabrielle L. (', 
Kowaru. m.a. Price. Rs. 2 or 38. 

The Mahali Dboasc of Coconuts in Malabar, by S. Sundaraeaman, m.a,. .imi 
'1'. S. Kamakkish-nan, b.a. Price, As. 12 oris. 

The Kradk-ation of ('ijperus rotuudus L. : A Study in Pure and Applied 

))v S. II. itANADiL ii.se., and arranged and written by W. Bitrn.s. d.sc. (// 

Studies ill Disca.scs of the ■lute Plant. (2) ^facrophoma Corchori Saw., by F. •). K 
SiiAw. ])..sc., .v.R.G.s,, E.L.s. Price, A?. S or 9(7. 


Chemical Series. 


Clicinical Studies on Safllowcr Seed and its Germination, by V.A. TA.MiJ.iM., 
M.sc.. M.Ag, Price, As. i(> or Ls', 

Note on ti.c I’ennanent Manurial Plots, Coimbatore, by Roland V. NoJiitis 
D.Sf. Ibicc. II. 1-4 or l-y. 9d. 

A Note on Hydrocyanic .\cid in the Burma Bean {Phaseolns luuaius, ky 
F, \V.iKT!i. .M.isc-.. B.sc. Price. A.s, 12 or Is. 

Studies of an Acid Soil in Assam. II, by A. A. .Megcitt, b.sc. Price. As. 12 ui- 1-'. 

A Preliminary Note mi tlic Dceom jiosilion of Calcium Cyanamide in South Indian 
Soils. I»y Poland V. Xoiuus. d.sc.. f.t.c., B, Ctsm ANATiiand (\ \. Ka.ma-Sw.\aii 
.\vvAB, Itrke. .As, 12 or Is. 

S.iine Digestibility Trial.-, on Indian Feeding Stuffs, by P. E. Lander, m.a.. n.'c. 
V.I.C.. and Pandit I.al Chand Diiaioiam. L.Ag. Price, As. 12 <.ir l.s. 

The buffer .Action of Some Burma Soils, bv J. C'ilarlton, m.sa'. Pr*ce, .As. L 
I s. 

Studies in the Chemistry of Sugarcane, ,IL Some Factors that deternrinc tlf 
ripeness ot Sugarcane, by B. Viswan.atii, f.i.c , and S. KaSUINATUA Avy.a':, . 
B.A. Price, As. S or 9rh 

The Pho:ij)hatic Xodules of Trichino]>oly and the availability of Flour Phospli«tf 
as a Alanure for Paddy, by Rao Sahib AI. R. R.amaswami Sivan, b.a,. nip- 
Agr, {/li press.) 



Entomological Series. 


Vol VII. No. XL Studies in Indian Dennaptera, Ijy Moroan Hkrakd. TVice, R. 1-4 or K«. 9rf, 

Vol! VII, No. XII. Fui'tlier Notes on Pemphcrc/t Fst. (The (‘otton Stem Weevil), hy 

^ Bai.i,akd, b. i., F.R.s. Price, IL 1 or 1''. 4d. 

Vol. VJI, No. XUI. An Account of Experiments on tlie Control of Sign (SrhceiwlivA) incfrielhut in the 
(ioHavari Delta, hy E. BAf.LARD, r.a., r.k,r. Priro, As. 14 or 4f/. 

Vol. VTII, Nos. I, 11 HydrtypkiUdce of India,, by A. n'ORciCYMONT ; An Annotated List of Iclmeu- 
& III. niuiiiJje in the Pusa Collectioti, by G. K. .I)i tt. b.a. ; A Second Note on Odo- 
nata in the Pusa Collection, hy ^lAJ()R F. ('. Frasrh. Piii e, IL 1 or D. (id. 
Vol. Vlll, No. lY. Notes on Indian Muscidaf, by R. SvtRiOH-W'niTY., r.r.b. Price, As. 12 or Ls. 
Voi. VIII, Nos. V — Papers on fiidian Tabaiiida?, by P. V. Isaac, b.a., d.i,c,, .n.se., R.f.S. ; Two 
IX, Drosophilida’, from Coimbatore and a New AphidijibagonK Fly. by .L K. 
M.alloch ; Notes on Indian Odonata in the Pos,a Collection, by ^Ia.ior F. (’. 
Fraser, i.m.S. ; On New and Old Oriental Cicindelirhe, by Dr. WAi/niER Horn. 
Price, R. 1 4 or 2v. 

Vol. VHII, Nos. X & Papers on Indian Tabaiiidie, by P. V. Isaac, b.a., d.j.c., m.so., e.e.s. ; and 
XL Some Indian Species of the Dipterous Genus Aiherigova, Rondani, by J. R. 
Maixocw. (hi the. 

Vol. Vlll, No. XIL The Nini Mealy Scale {Puli-itiana maxima. Green), by T. V. Ramakrishna 
AyYAR, b,a., f.e.s. [In the press.) 


Bacteriological Series. 

\'ui. II, No. L Nitrogen luxation in the Punjab, h\' P. K. Lander, m.a., d.sc , a.i.c., and 
■ Bakkat Am, L.Ag. {In the press.) 


Veterinary Series. 

Vot. Ill, No. VI. Nasal Granuloma in Cattle, by V. KRtsirNAMURTi Avyak. i.Y.s. {hi the ^iress.) 


Bulletins issued by the Agricultural Research Institute, Pusa. 

.\o. 14 1. Comparative Mamirlal Value ctf the whole ]ilants and the ditterent ]mrts of (b'cen Mainires, 
hy N. V. .rusni, R.A., .M.sc., i..Ag. ih’ice, As, (i. 

Nil. im. The Cultivation of Lac in the Plains of India. l)y C. S, u..a. Price. R. 1-S. 

•Nil. I Li, Per (Zizi/phu.'i jiijubu) I'niit and its Fly Pest, by .). I.. kUAin;. I'.r.s. Piii<'. As. (d 

No. U4-. Observations on the Morphology and Life-cycle c'f I’liana rciomtiia t>'rassi, by M. Anant 
Nak.ayan Rao. Price. As. (i. 

ILL Some OhservationK on the Barren S<iils of l.owci’ Pai i Doalj Colmiy in the I'unjab, by S. M. 
Nasiu- Price, As. d. 

No. 140. The Prevention of Nuisances <aused by the Pai'boiling of Paib'.y, by -L (iiarltON, 
B.se., A.i.o. Price, As. .a. . . , . . 

No. U7. List of Publications on Indian Entoiuolugy. IL’22 (conipibd 1 y the Fjnpeiia! Lnt( ii.ologist). 
iVice. .4s. 7. 

No. 148. The Relative liesponsibilitv of Physical Heat and Micro-oiganism.s for the li«t Readier 
Rotting of J’otutocs in Western India, by S. L. Ajkkkar. r.a.. amid. J). Ranaoivk, 

Price, As. ,o. 

Nn. 149. A Study of the Factors Giierativc in the v alue of Green i\lannr<>. hy B. H. W Ji.snox. b.a., 
I.E.S.'. P. E. Lander, m.a.. d.sc.. ..',.ec.. and .M. Mekanj) Lai,, i., au. I’riei', As. •'>. 

No 150^ The firiproveincnt of Fodder and Forage in India (Papers read before it Joint Meeting id tl.e 
Sections of Agriculture and Botany. Indian Sc ience (.oitgress. Luchnon. l!’2d). edited ly 
(tABKTKLLE L. (*. Howard, m a. Price. As. 

Xu. A method for the Accurate Determination of Carbonic Acid present as Carbonate m boils, 

by PjiANi BsLS.ix Sanyai., yi.sc. Price, As. 2, 

Nu. 152. The External Morphology and Biunumies of the Commonest Indian lick (Uyalonwa 
iXdyptium), bv Mohamjiad bHAKir. yi.a., e.r.m.s. Price, K. 1, 

No. 1.33. Tamarind as a source of Alcohol and Tartaric Acid, by H. N . Batiiam, m.a., and L. b. Nigam, 
L.Ag. Price, Aa. 3 or 4<J. 



Bulletins issued by the Agricultural Research Institute, Pusa— cowM. 


No. 151. 


No. 1.55. 
No. 1.56. 
No. 157. 
No. 1.j8, 


The Bionomics of the Sarcopic Mange Parasite of the Buffalo with ^ome observations con. 
coriiiiKf the relative power of jesistance to adverse conditions of the different stages of 
the .\oarus anti of its egg, by T. M. Timoney, m.r.c.v.s. Price, As. 2. 

List of Publications on Indian Entomology, 1923 (compiled by the Imperial Entomologist). 


IVke, A.<«. 11 or la. 

Bud and Boll Shedding in Cotton, by G. R. Hilsok, b.sc., V. Ramanatfa Ayyab, L-Ag., 
and R. ('hokkalikgam Pn.i.Ai, r..Ag. PHc'', .Vs. 14 or 1«. 

The Experimental Bui I age Farm, Lyallpur, by P, E. Lander, m.a., d.SC,, A.i.c. (In 
ihe press.) 

A New Fodder (Siloed Shishnm Leaves) for Dairy Cows, by P. E. Lander, M.A., d.sc., a.i.c., 
and Lal Cha.nd Dhabmani, L,Ag. {In the press.) 


Indigo Publication- 

No. 12. Indigo Experiments, 1922. (I) The effect on prcduce when vatliquor is allowed to stand 
in the beating vat and beating is delayed ; (2) The effect of neutralizing the liquor with 
caustic soda before beating by J. H. I\ altox, m.a., m.sc. Price, As. 4. 


Books. 


Wheat in India, by Albert Howard, m.a., a.r.c.p., f.l.s., and Gabkielle U C. How^ard, m.a. Price, 
Rs, 5 or 7s. &d. 

A Description of the Imperial Bacteriological Laboratory, Muktesar ; Its W^ork and Products, by Majoi 
J. ]}. E. Holmes, m.a., d.so., m.r.c.v.s. Price, As. 8 or 9d. 

Agriculture in India, by James Mackenna, m.a,, i.c.s. Price, As. 4 or 5d, 

Some. Diseases of Cattle in India. A Handbook for Btock-owners. Price, As. 8 or 9d. 

Report on the Diseases of Bilkworms in India, by A. Pringle Jameson, d.sc. Price, Rs. 3, 


Notice. 


Ail new publications are included in the above list and are regularly posted to all on the mailing list 
as soon as issued. Unless complaints of non-receipt of any publication are received by the Manager, 
Government of India Central Publication Branch, 8, Hastings Street, Calcutta, within six montbs 
of the date of issue, duplicate copies can be supplied only on payment of cost and postage. 
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